. On the basis of the cytokine secretion profile, CD4+ Th lymphocytes were originally subdivided into Th1 and Th2 cells. Th1 produce interleukin 2 (IL-2), interferon γ (IFN-γ), and lymphotoxin and induce cellular responses [3, 4] . Th2 cells secrete IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13 and promote production of antibodies by B lymphocytes [3, 4] . A predominant Th1-driven autoimmune response has been clearly recognized in HT, while Graves' disease (GD) is induced by thyroid stimulating autoantibodies to TSH receptor and is considered a Th2-related disease [3, 4] . Another subset of CD4+ lymphocytes (Th3) synthesizes mainly TGF-β and is involved in regulation of the adaptive immune response, the so-called regulatory T-cells or Treg [5] . Recent studies revealed that a novel T-cell subset, the Th17 cells producing mostly Submitted Nov. 13, 2013 ; Accepted Jan. 6, 2014 as EJ13-0484 Released online in J-STAGE as advance publication Jan. 28, 2014 Correspondence to: Rosaria Maddalena Ruggeri, M.D., Ph.D., Sezione di Endocrinologia, Dipartimento di Medicina Clinica e Sperimentale, Padiglione H, 4 piano -Policlinico Universitario "G. Martino" 98125 Messina, ITALY. E-mail: rmruggeri@unime.it.
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©The Japan Endocrine Society after taking a history to rule out current and past thyroid illness as well as any autoimmune-related disease. None of the patients or control subjects had history of neoplastic disease and symptoms or laboratory signs of inflammatory diseases (including non-thyroid AID), asthma and other allergic disorders, active infections, diabetes mellitus or kidney failure.
Serum free thyroxine (FT4), free triiodothyronine (FT3) and thyrotropin (TSH) concentrations were measured in each patient and healthy control to asses thyroid function. In all patients and controls we also measured serum thyroglobulin antibody (Tg-Ab) and thyroid peroxidase antibody (TPO-Ab) levels and performed thyroid ultrasonography (US). All goitrous patients underwent US-guided fine needle aspiration biopsy (FNAB) of one or more selected nodules, and only patients with cytological features of colloid goiter were included in the study.
The study was approved by the local Ethics Committee. Informed consent was obtained by the patients and control subjects.
Methods
Peripheral blood samples were collected after overnight fasting from all the recruited patients and controls, and the serum was stored at -20°C for cytokine assay. Serum levels of IL-23 were measured by a quantitative enzyme immunoassay technique, by using the IL-23 Quantikine ELISA Kit according to the manufacturer's instructions (R & D System, Minneapolis, USA). A microplate reader (BioRad Laboratories, Model 550, Milan, Italy) capable of measuring absorbance at 450 nm was used to measure the intensity of color developed in each well. All assays were done in duplicate. The detection limit of the assay was 2.7 pg/ mL. Intra-assay and inter-assay CVs were less than 4.5% and 8.4%, respectively. Serum FT4, FT3 and TSH concentrations were measured by immunoenzymatic method (commercial kits by Medical Systems, Genoa, Italy; normal values in our laboratory: 10.3-24.6 pmol/L and 2.7-6.45 pmol/L for FT4 and FT3, respectively; 0.4-4.0 mU/L for TSH). Tg-Ab and TPO-Ab were measured by the corresponding immunoradiometric assay kit by DiaSorin (Saluggia, Italy); normal values are <100 U/mL and <10 U/mL, respectively. The intra-or the inter-assay coefficients of variation, for all assays, were less than 5% and less than 10%, respectively.
A real-time 2D apparatus (General Electric IL-17, IL-21 and IL-22, is involved in numerous autoimmune diseases (AID) commonly thought to be Th1 diseases, including HT [6] [7] [8] [9] . Moreover, the proportion of peripheral Th17 cells has been found to be higher in patients affected by severe GD than in GD patients in remission [9] . Cytokines produced by the activated T lymphocytes may contribute to drive the autoimmune response skewing toward the Th17 phenotype and away from Th1 or Th2 phenotypes. Beside the wellknown role of IL-6, a pivotal role in the immune balance has been ascribed more recently to interleukin 23 (IL-23). IL-23 is a heterodimeric cytokine, belonging to the IL-12 family, composed of a unique p19 subunit, and a common p40 subunit shared with IL-12 [10, 11] . Both cytokines are produced by dendritic cells and macrophages, namely the antigen presenting cells (APC). The two cytokines, however, have divergent activities. IL-12 promotes the development of interferon-producing Th1 cells, while IL-23 is one of the essential factors required for the expansion of Th17 cells population [10, 11] . Recent studies have indicated that IL-23 regulates autoimmune-inflammatory processes in several mouse disease models [12] [13] [14] [15] and may also represent a therapeutic target by using a specific antibody against the p40 subunit [16, 17] . Moreover, the IL-23 receptor (IL-23R) gene has been identified as a major susceptibility gene for several autoimmune diseases, including Graves' disease [18] .
Very recent data are emerging on the role of IL-23 in autoimmune thyroid diseases (AITD), but most of them are focused on Graves' disease [19] [20] [21] . Aim of the present study was to evaluate the concentrations of serum IL-23 in a series of euthyroid and untreated patients affected by HT.
materials and methods

Patients and study design
A total of 81 consecutive patients (75 females and 6 males, aged 14-70; mean age 39±17 years) affected by Hashimoto's thyroiditis (HT) where recruited from the outpatient clinic of our Endocrine Unit from January to June 2013. HT was diagnosed by the currently accepted clinical, laboratory and US criteria [22] [23] [24] . All patients were not taking L-T4 therapy or drugs affecting thyroid function at the time of sampling. Eighty age-and sex-matched healthy subjects (74 females and 6 males, mean age, 40±15 years) were also recruited as controls, We analyzed the serum levels of IL-23 in all 161 participants (81 HT patients and 80 healthy controls). Among the normal controls, only 29 subjects out of 80 (36%) had detectable IL-23 in serum. Among the 81 HT patients, 45 (56%) had detectable serum levels of IL-23. There was a statistical difference in the detection rate between HT patients and healthy subjects (p= 0.014).
Median values of serum IL-23 in the two groups of patients are shown in Fig. 1 . There was a significant difference between the two groups (p < 0.0001). We Healthcare, USA) with a 7,5-10 MHz linear transducer was used to perform thyroid US.
Statistical Analysis
Data are expressed as mean and median ± SEM. Differences between data series (IL-23 serum levels) were analyzed by Mann-Whitney test. Differences between categorical groups (detection rate) were analyzed by Pearson chi square (χ 2 ) test. Correlation between two variables was evaluated with Spearman's rho. The statistical analysis was performed by SPSS for windows version 17.0. The level of statistical significance was always set at p< 0.05.
results
The characteristics of our study population are summarized in Table 1 . There was no statistical difference in age or sex distribution between the groups. Concerning thyroid functional status, all HT patients had normal values of FT4 and FT3, with TSH concentrations ranging from 0.6 and 6.0 mU/L and a mean value of 2.4 ± 1.5 mU/L. All control subjects were euthyroid, with TSH mean values of 1.8±0.7 mU/L. Thus, TSH values were significantly higher in HT patients as compared to healthy controls (p <0.01). However, only 9 out of 81 HT patients had mildly increased serum TSH levels (≤6 mU/L), with free thyroid hormone levels within their respective reference ranges. reported in their study on 13 HT patients, reachs statistical relevance in our study, due to the high number of subjects studied. These data suggest that IL-23 is involved in the development of HT and further support the role of Th17 cells in AITD, in line with the data from the literature [7] [8] [9] 21 ]. An enhanced production of IL-23 by APCs may drive the immune response towards a Th17 phenotype and contribute to promote the autoimmune inflammation of the gland. Noteworthy, our study group consisted of untreated HT patients, and most of them were euthyroid, only few patients displaying a slight elevation of TSH and thus they did not receive any treatment. Thus, our findings could reflect an early step in the natural course of HT.
In the present study, no significant correlation was found between IL-23 and Ab-Tg or Ab-TPO level in HT patients. However, also in the above cited study by Figueroa-Vega, no correlation with Ab levels was mentioned [21] . This lack of correlation may be due to the fact that only patients developing thyroid autoimmunity with preserved thyroid function were taken into account in this study. It is reasonable to hypothesize that such a correlation may be more evident in patients in more advanced stages of disease (eg. hypothyroid patients), who shown a microenvironment more enriched in autoreactive immune cells activated by APCs infiltrating the gland.
We could not correlate IL-23 serum levels with thyroid functional status because all the studied subjects were euthyroid or displayed only a slight elevation of TSH (≤ 6mU/L). However, no significant correlation was found between IL-23 and TSH levels in HT patients.
In conclusion, we found higher detection rate and higher serum concentrations of IL-23 in HT patients. Serum IL-23 elevation may play a role in the pathogenesis of HT, guiding T cells towards the Th17 phenotype and promoting the autoimmune inflammation of the gland. Further longitudinal studies will be required to confirm these data, in order to better clarify the serum changes in cytokines levels from the onset of the thyroid autoimmune process throughout its clinical course, and to better define the natural history of AITD.
disclosure section
None of the authors have any potential conflict of interest associated with this research.
found that serum IL-23 levels were significantly higher in HT patients (157.38 ± 17.92 pg/mL) in comparison with healthy controls (21.46 ± 5.4 pg/mL; p <0.0001).
No significant correlation was found between IL-23 levels and serum levels of Ab-Tg and Ab-TPO in HT patients (rho = -0.277 and = -0.281; p = 0.225 and 0.133, respectively).
Similarly, no significant correlation was found between IL-23 levels and serum levels of TSH, FT3 and FT4 in HT patients (rho = -0.236, 0.288 and 0.048; p = 0.137, 0.288 and 0.786, respectively). discussion IL-23 has an important role in the pathogenesis of several inflammatory and autoimmune conditions, mostly through the expansion of the Th17 cells [12] [13] [14] [15] [16] [17] . Despite evidence from the literature demonstrating that Th17 lymphocytes play a major role in AITD, very few studies have focused their attention on IL-23 levels in these patients, and most of them concerned GD [18, 20] . Only one paper is available in the literature in which serum levels of IL-23 were measured in HT patients [21] . In this study, FigueroaVega and co-workers studied a small series of AITD patients, including 13 HT and 5 GD. They found enhanced levels of T cells synthesizing IL-17 and IL-22 in the peripheral blood from the AITD patients, mainly in those with HT. Furthermore, they measured the serum levels of the related cytokines IL-6, IL-15 and IL-23, that are known to promote Th17 differentiation, and found that IL-6 and IL-15 levels were significantly increased, while serum levels of IL-23 tended to be higher in sera from HT patients. Accordingly, an enhanced in vitro differentiation of T lymphocytes into Th17 cells induced by IL-6/IL-23 was observed [21] . No other data are available in the literature on IL-23 in HT patients.
In the present study, we measured the serum levels of IL-23 in a large series HT patients and compared these values with those measured in healthy subjects without thyroid disease. Because both patients and control subjects were enrolled at the time of diagnosis and had not received any form of medical treatment, no confounding variables for serum IL-23 can be discerned.
We found that both the detection rates and the serum concentrations of IL-23 were significantly higher in HT compared to healthy controls. The increase of IL-23 serum levels, that Figueroa-Vega and co-workers had
